'AD=A095 380 DEFENSE COMMUNICATIONS ENGINEERING CENTER RESTON VA F/6 1712.
OPERATIONAk Ex:lfUATION OF A VOICE CONCENTRATOR OVER AUTOVON INT==ETC(U)
80 D H
UNCLASSIFIED DCEC-TR-5-80 SBIE=-AD=E100 402

nm.
Fahaao




3 PHOTOGRAPH THIS SHEET 3 ,
i Foor e
& |
23]
AN 2 LEVEL
= DEFENSE COMMUNICATIONS ENGINEERING INV ORY
A~ 2 CENTER RESTON, VA
? Z.
™ % Operational Evaluation of a voice concentrator over
LL j} 4 AUTOVON Interswitch Trunks, DEG, 80
; ’ 3]
¥ ' % DOCUMENT IDENTIFICATION
‘:D I8 Smith David R, REPT NO DCECuTRa5«80
= 3
g DISTRIBUTION STATEMENT A
Approved for public reiease;
Distribution Ualimited !
DISTRIBUTION STATEMENT
ACCESSION FOR
NTIS GRA&I
DTIC TAB ,
UNANNOUNCED O D I 'C |
JUSTIFICATION ELECTE
FEB 23 1981
i
BY
DISTRIBUTION / D
AVAILABILITY CODES
DIST AVAIL AND/OR SPECIAL DATE ACCESSIONED
]
DISTRIBUTION STAMP
DATE RECEIVED IN DTIC
PHOTOGRAPH THIS SHEET AND RETURN TO DTIC-DDA-2

DTIC g‘?Tnv;Ag 20A DOCUMENT PROCESSING SHEET




- 4
: A
P

o
I s o

-

; .‘: !L-"!

) e R Y .

AP-€ 700 0 &

TR 5-80

} DEFENSE COMMUNICATIONS ENGINEERING CENTER

TECHINICAL REPORT NO. 5-80

OPERATIONAL EVALUATION
OF A VOICE CONCENTRATOR OVER AUTOVON
INTERSWITCH TRUNKS

DECEMBER 1980

APPROVED FOR PUBLIC RELEASE; DISTRIBUTION UNLIMITED




UNCLASSIFIED December 1980

SECURITY CLASS'FICATION OF THIS PAGE (Whay Daia Hntered)

- READ INSTRUCTIONS
REPORT DOCUMENTATION PAGE BEFGRE CONBLEFING RORM
1. REPORT NUMBER 12, GOVY ACCESSION NO.| 3. PECI?'FMNT'S CATALOG NUMBER
DCEC TR 5-80 '\
4. TITLE (and Subtitle) o - ;’}-\-F-E-Sr'—;\;-(-:;\:f & PERIOD COVERED

Operational Evaluation of a Voice Concentrator

Over AUTOVON Interswitch Trunks Technical Report

6. PERFORMING ORG. REPORT NUMBER

AUTHOR(s) l 8. CONTKACT OR GRANT NUMBER(s)

David R. Smith

]
|

9. PER7ORMING ORGANIZATION NAME AND ADDRESS T EF Geiw VUFWENT PROJECT TR |
Defense Communications Engineering Center j T4 T MTRN UNIT NUMBERS
Transmission Engineering Division
1860 Wiehle Avenue, Reston, VA 22090 N/A

. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DA_TEA

December 1980
3. NJUMBER OF PAGES

77

Same as #9

MONITORING AGENCY NAME & ADDRESS(if different from Controlling Office) 15. SECURITY CL ASS. (of this report)

N/A Unclassified

T5a. DECLASSIFICATION DOWNGRADING
SCHEDULE
N/A

. DISTRIBUTION STATEMENT (of this Report)

Approved for publication, distribution unlimited.

. DISTRIBUTION STATEMENT (of the abstract entered in Block 20, il different from Report)

N/A

. SUPPLEMENTARY NOTES

Review for relevance 5 years from submission

19.

KEY WORDS (Continue on reverse side if necessary and identifv by block number)

COM2 Voice Concentrator Traffic Data Analysis
Time Assignment Speech Interpolation Call Hundred Seconds
Voice Channel Performance Blocking

Data Channel Performance Speech Loss

20

The device tested concentrated 17 voice channels into 9 AUTOVON interswitch
trunks operating between Ft. Detrick, MD and Feldberg, Germany. Tests of voice
channel parameters indicated acceptable performance provided by the voice
concentration. Tests of data signals operated over this voice concentrator re-
vealed problems when using VFCT's. Traffic data analysis showed minimal speech
loss and blocking occurred during busy hours.

ABSTRACT rContinue on reverse side {f necessary and identify by hlark numher?

Results of test and evaluation of a commercial voice concentrator are reported,

]

DD, S%"%; 1473 eoimion oF ' NOV 8515 OBSOLETE UNCLASSIFIED

SECURITY Ci RIS U Y.4S PAGE (When Data Entered)




SECURITY CLASSIFICATION OF THIS PAGE(When Data Entered)

e

SECURITY CLASSIFICATION OF THIS PAGE(When Data Entered)




TECHNICAL REPORT TR 5-80
OPERATIONAL EVALUATION OF A
VOICE CONCENTRATOR OVER AUTOVON

INTERSWITCH TRUNKS

DECEMBER 1980

Prepared By:
e David R. Smith

Technical Content Approved: Approved For Release:
AN et B /
¢
HOWARD t. MCKINLEY, ny‘ R. H.'LEVINE
Colonel, USAF /U Deputy Uirector

Chief, Transmission
Engineering Division

Foreword

The Defense Communications Engineering Center (DCEC) Technical
Reports (TR's) are published to inform interested members of the defense
community regarding technical activities of the Center, completed and in
progress. They are intented to stimulate thinking, encourage information
exchange, and provide guidance for related planning and research. They
are not an integral part of the DoD PPBS cycle and should not be
interpreted as a source of program guidance.

Comments or technical inquiries concerning this document are
welcome, and should be directed to:

Director

Defense Communications Engineering Center
1860 Wiehle Avenue

Reston, Virginia 22090

ii




ACKNOWLEDGEMENT

The author wished to express appreciation to the personnel of the
East Coast Telecommunications Center, Ft. Detrick, MD, whose assistance
made this test program possible. In particular, acknowledgement is given
to Mr. Frank Sofinowski, Mr. John Eckenrode, Mr. Charles Ashton,
Sgt. Robert Pietsch and Specialist Diane Russell.

i it

it




EXECUTIVE SUMMARY

This report gescrivdes results of test and evaluation of a commercial voice
concentrator applied to AUTOVON interswitch trun<s obetween Feldberg, Germany
and Ft. Detrick, Maryland. 8y virtue of time assignment Sspeecn interpolation
{TAST) tecnniygues, tne voice concentrator providea appruximately a 2 to |
comprassion of voice cnannels onto trunks, witn a configuration of 1/ ciannels
onto 9 trungs selected for tnis AUTUVON application. Tests consistea of (1)
vaice cnannel cnaracterization of tne nine selacted trun<s, oefore and after
cutover of tne voice concentrator, (Z) performance cnaracterization of data
signals operatad torough voice concentrator cnannels, (3, traffic data
collection and analysis and (&) user sudjective evaluation.

Tne test per.od extended from Uctover 1979 tu Feoruary lysu, at wnicn time
tne voice concentrator wnstallation was appruved oy UCA as a result of the
findings pres:ntea nerein.  In summary, voice cnanneél performance, cstanlisned
via guality control (QC) tests, indicated that all cnaanels met performance
standards specifiea oy DCa for AUTUVUI interswitcn truncs. In cuiparing
results before danc ufter cutover of tne voice concentrator, negligiole
Jegradation ot voice cnannel performance was observed, Tests of VFCT's
indicated tnat tne vaice concentrator in general failed to properly recognize
tnese sianals as data and gresmpted these connections after a short perioa,
Various modems testea provided marginally acceptable performance, batn vefore
aa¢ after cutover Jf tne voice concentrator. However, it snould oe pointeu
G4l tnat tnese particulir <UTUVUN trunks are not specified for data carrying
capadility, and toat tnase cata tests snould de repeated over data grade
teings.  Traffic data collection and analysis indicatea that the 17 channels
dere neavily used as expectzc on tnose already saturated trunks. Perceatages
53¢ speacn 1ass and alnc<ing, twn potential pronlems with any TASI system, were
quite Tow ann judqged to be acceptanle,  Finally, user sunjective evaluations
collected far dver a tnousand calls indicated user acceptance of tne system.

~ltnousn auproval i1s indicated for AUTUVUN IST's, application of tne voice
concantratoc £y otner ULs networks, sucn as AuTUSEVOCOM or AUTUVUN access
Troesy will reguire gacitional testing, Additionally, certain tests
yricinally senecuded tor tne Ft. betrick - Feldoerg installation coula not oe
oractic il ly accomplisned inoan operational configuration. Hence, tests wnicn
Livadgee /once Cancentratar performance as a function of certain transmission
woeipiment impairaents will nave to oe done in a laboratory controlled
cavironment,
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; 1. INTRODUCTION

DCA's interest in improving tne grade of service on AUTOVON interswitch .
trunks has led to the installation, test and evaluation, and approval of tne f
COM2 Voice Concentrator™ for AUTOYON 15T's operating between Ft. Uetrick, MD :
and Feldberg, FRG. The COMZ Voice Concentrator utilizes time assignment ;
speech interpolation (TASI) to concentrate up to (2n-1) voice circuits into n
trunks, thus providing improved grade-of-service on existing trunks or |
allowing a reduction in existing number of trunks with attendant cost
. savings. Several voice grade interswitch trunks were selected from
i CONUS-Europe AUTOVON IST's as a means of alleviating already saturated
communications facilities.

Tnis technical report provides results, analyses, conclusions and
recommendations derived from tests conducted on the COMZ2 system during the
period October 1979 through February 1980. A COM2 configuration of 17
channels on 9 trunks was selected for test between Ft. Detrick and Feldberg.
Additionally, a mix of media and transmission egiupment was selected for ¢
routing of the nine trun<s. The selection of heavily used AUTOVON trunks, a -
mix of media witn different trunk routing, and a mix of FDM ang PCM
transmission equipment meant that tne COMZ2 would pe subjected to a stringent
anc perhaps worse case test environment.

*

Tno CUMz Voice Concentrator is manufactured by STC Communications
Corparation, wnicn is a supsidiary of Stoarage Tecnnology Carporation and is
Incated i1 groomfielu, Colorado. See Appengix A for a detailed description of
the COMZ Systear,
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11. BACKGROUND

1. TEST CONFIGURATION

The objective of tnis evaluation was to veriry tne application of tne (UMZ
Voice Concentrator to AUTOVON Interswitcn Trunks (1ST's) within tne vefense
Communications System. Testiny was accomplished on transoceanic IST's oetween
CONUS (AT&T switcn at Cedaroronk) ana tne Federal mepuolic of Germany (4vul
switch at Feldoerg). Tne COMZ2 equipment was Jocated at tne East Coast
Telecommunications Center, Ft, uvetrick, MD., and at tne Feldoerg AUTUVUN
switch., Figure 1 inaicates tne CUMZ2 operational configuration.

Tne COMZ configuration employed with tnis test providea compression of 17
channels into 9 trungs (called facilities witnin tne COMCZ). UF tne 17
channels, Y tail circuits already existed petween Ft. vetric< and the AUTUVUN
switch at Cedaroronx, leaving & adaitional tail circuits reguired whicn werz
leased fron AT&T. At Feldpberg eight additional channels were proygrammed into
the 490L AUTUVON switch. Of tne nine trunks, seven were routed torougn tne
Jigital Communications Subsystem iCSS) of tne LSUS odetween FL., betrick and
Landstunl, Germany. From rLandst.l, tnese seven trunks weres routed to tne
Faldoerg switch via Uonnensverg using analog (FOM/Fi) line-of-signt {LUS)
Tinks. The remaining two trunxs were routed tnrough Frequency Uivision
Multiplex (FUM) of the D5CS petween CUNUS ang Croughton, England. Froam
Crougnton, tnese two trunks were extendeag to Feldpberg via LUS Tinks, altnougn
initially a combination of troposcatter and LOS links was used wnicn proved
unacceptaole because of noise levels wnicn exceeded UDCA standaras.

Interface of tne (CUMZ at Ft. uUetrics and Feldpery required signalling and
level conversion as indicated in Figure 2. Tne access lines from Cedaruroox
to Ft. Detrick were all 4-wire with SFC in-pand signalling. Interface witn
tne COMZ required conditioniny (pads and amplifiers), SF to EaM signalling
conversion and Pulse Linx Repeaters {PLKk) for conversion of £ lead to M lead
and vice versa. Conditioning provided level conversion from 0/0
{transmit/receive) dB levels (relative to Transmission Level Points) at
Cedarbroox ana Ft. Detrick to the +7/-lo d COMZ levels. Normal CuMe
signalling is done in-pand and tnerefore is compatidble witn tne FCC-Yu.
However, in tne pypass* mode of the COMZ, t&M signalling is connected straignt
tnrougn the CUMZ as snown oy the dashed lines in Figure £. Since tnis
particular utilization of the FCC-48 required SF signalling, a SF/EaM
converter was required to interface COM2 facilitiss, when in the oypass mode,
~sitn FCO-95 VF channels. At Feldberg, -z/-Z2 dB levels are used so tnat level
conversion was required for interface with tne COMZ +7/-16 db levels. ~Also at
Feldoerg, SF/t&M signalling conversion was requirea to interface FCL-Yb SF
signalling with COMZ2 EeM signalling.

Z. TEST PLkN AND PRUCEDURES

Testing of tne COMZ was conductes per tne test plan developec oy
DCEC/UCA! specifically for the Ft. Detrick-Feldberg application. Tests
described in this plan were separated into one of four categories, oriefly
descrioed below.

*  See page A-5 for discussion of bypass mode in the COMz.
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a. Baseline Performance Characteristics. Tnese tests provided voice
channel characterization using procedures prescribed in UCAC 310-70-1,
Vol Il, Supplement 13 and DCAC 310-70-57, Supplement 14, Circuit
parameters tested were to conform to V2 standards as stated in reference (2).
This portion of the test plan was carried out at Ft. Uetrick by looping test
signals at Feldoerg dna recording data at Ft. Detrick.

pD. Performance Characterization of Data Signals. Various modems and
VFCT's were identified for testing in conjunction witn the COM2. These tests
were also conducted at Ft. vetrick by looping test signals at Feldberg and
recording results at Ft. Uetrick. Test parameters were nit error rate (BER)
for modems, and telegraph distortion and BER for VFCT's.

c. Impaired Performance Characterization. In this category of testing,
sources of impairment include (1) BER, (2) noise, (3) variation of input
level, (4) multiple analog/digital/analog conversions, (5) multiple TASI
operations and (6) loadging of data signals. Tne individual effects on COMZ
performance from each of tnese impairments was to oe determined for both
speech and data signals. Tests of source level sensitivity and effects of
data signals loading were conducted readily at Ft. Uetrick; nowever, the otner
impairment tests could not be accomplished in an operational configuration and
will be conducted later as part of a laboratory controlled test.

d. Operational Tests. Once configured for normal operation, tests
consisted of (1) subjective evaluation by voice users and (Z2) collection of
traffic data. A special NYX area code was programmed at the Feldperg and
Langerkopf AUTOVON switches to allow any user nomed on either of those
switches to force calls tnrough tne COMZ. A supjective evaluation sheet was
prepared and provided to AUTUVON users. Traffic data collection was
accomplished via tne Traffic vata Collection System (TUCS) at tne AUTOVUN
switch in Feldberg and the management reporting system located witnin the
COM2. A 300 paud ASCII printer was provided at potn Ft. Detrick and Feldberg
and interfaced witn tne COMzZ management reporting system. Summary data for
botn ends was collected at Ft, Detrick every nour from tne COMZ for the first
tnree weexs of operation to aliow detailed analysis of COMZ system usage and
system outages. Thereafter, summary data was collected every 24 nours from
the CUMZ2 at Ft. Detrick. Tne TOCS test periods for CUMZ2 were selected to
coincice witn regularly scneduled traffic uata collection at Feldberg.




I1T. TEST RESULLTS

Results of CuMZ2 testing are presented in tnis section. Tnese results are
divided into four test areas: (1) voice channel cnaracterizations, (o) data
signal performance, (3) traffic data analysis dand (4) user suojective
evaluation, Conclusions derived from these resullts are deferrea to tne
following section.

1. PERFOKMANCE CHAKACTERISTICS OF VGICE CHANKELS

a. General. The effect of CUMZ an voice chanael paraneters was
determined oy means of two paseline tests. First, tne nine interswitcn trunks
{ISTs) were tested for vaice cnannel performances vefore cutover of tne CuMc.
secondly, tne 17 channzis were tested througn the COMZ.,  Tests consisted ot a
routine guality contral (QC) test of tnose circuit parameters called out in
DCAC 300-175-9¢. A comparison of trunk vs. cnannel (tnru COMzj performance
tnen indicated the effect of CuidZ un voice channel performance. Tne required
level of performanca was <nown to e VZ¢, wnicn pertains to interswitcn
voice grade circuits.

0. Interswitch Trunk Perfurmance. Figure 3 snows tne eguipment
configuration used for testiag interswitcn trunks. A Transmission limpairment
Measuring Set (TIMS; was utilizea at Ft, betrick to accomplisn ootn directions
of testing. Results of testing the nine IdT's (witnout tne Culiz) are snown in
Tables 1 ana 11 and in Figures 4 tnrougn 7. Taoles I and 1l are results of
testing on the following circuit parameters p=r reference (¢;:

lale channel noise
Single tone interference
Freguency translation
Inpulse noise™

Harmonic distortion

et loss variation

Phase Jitter™

o PN =

~NC ¢ B

o e
e e e S e

Figur=s & and 5 snow a summary of frequency respunse measurements taxen at Ft.
betrick for transmit anc receive directions, respectively. Figures 6 and /
snow 4 summary of envelope delay™ measurements taken at Ft. Letrick for
transmit and receive directions, respectively. ror eacn of Figures 4 tnrouan
7, curves nave deen fitted to data taken over 3UU to 3U00 Hz for frequency
response and SUU to zoU0 Kz for envelope delay. Tnese curves are snown on
each figure, corresponding to tne curve fit to minimum values, tihe maximum
values, and tne mean for the data points taken at eacn test frequency for each
af nine trunks.

* Not specifizd for V2 circuits out tested for comparison witn other type
circuit requirements,
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A comparison of tne test results on tne nine ITS's witn the V2
requirements of reference (¢) indicate tnat all trunks met Ve, altnough trunk
#8 was initially out-of-spec and required transmission level agjustments and
retest to achieve specification conditions. Uther test results were:

{1) Trunks J tnrough 6 wnich were routed through tne Ail/FCC-395 PCM
multiplex of the Digital Communications Subsystem (0CSS) hac idle cnannel
noise measurements in the range 22-/Y dornCo. Trunks 7 and 8 were routed over
conventional Fum satellite and terrestrial links and proviged significantly
worse idle cnannel noise, in the range 39 to 48 aBrnCo. ldle cnannel noise,
specified in reference (2) as a function of circuit length, snould oe no
greater than 47 dBrnCo for tnese circuits whicn are approximately 4u0u0 miles
long. Tnose trunks routed via analog transmission were tnerefore marginally
acceptaole.

(¢) The pnase jitter and impulse noise performance, unspecifiea for
V¢ circuits, met requirements specified for any otner type circuit prescrioey
in Table ¢ of reference (2).

{3) Tne envelope delay perforimance, also unspecified for V¢ circuits,
met the requirements of D¢, as used for example on AUTULIN access lines tor
rates up to 1200 paug.

c. (OM2 Voice Channel Performance. Figure o snows tne equipment
configuration utilized for tests of CUMZ cnannels. Tne TIMS located at ft.
Detrick was used to collect data for poth directions of transmission. rResults
of testing the 17 COMZ2 cnanneis are snown in Taoles 1II and IV ancg in figures
9 tnrough 12, reflecting measurement of appropriate circuit parameters as
prescrioeag by reference (2).

Testing of voice channel parameters through tne CUM¢ presentea certain
problems unique to a TASI system. Because tne COM2 will TASI any non-
continuous input signal and, more importantly, oecause the COMZ will drop test
tones after a 7 to 14 minute period, a tone in tne 2010-2240 Hz bana was
initially transmittea to simulate a modem call and cause the COM¢ to alloceate
a facility (trunk) full period to tnat channel. Thereafter, so long as energy
was present in tnat same channel, the selected facility remained dedicatea and
tous allowed voice cnannel testing for an indefinite period. Tnis tecnnique
Nas used with eacn successive channel tested to ensure continuity during
testing. Anather unique feature of CUMZ testing was that tiae matchup oetween
channel and trunk was not unique and changed from test to test. Furtner, CCiZ
selection of a trunk is independent oetween transmit and receive directions,
making it unlikely tnat the same trunk would be allocated for botn transmit
and receive directions of tne channel unger test. Tnis made it difficult to
directly compare cnannel perforiance with a given trunx, so tnat sucn a
comparison was not attempted.
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Tahles 11 and IV are results of testing on the tollowing circuit
parameters:

Signal-to-noise ratio
Single tone interterence
Frequency translation
Harmonic gistortion

Net loss variations
Phase Jitter™

s
T U o N —
e — e

Measurements of idle cnannel noise and inpulse noise were not taken
since they are meaningless tests for the COMz.  The apsense of any transmitted
2nergy, as prescriped 1n reference (2) for these two tests, will result in tne
momentary dropping of such a cnannel oy the TASI circuitry until such time as
tne transmit cnannel again pecomes active. Uuring the period of transmit
cnannel inactivity, thne far-end receive channel will be guiet, that is, no
pac<ground noise would axist since tne "“cnannel" has been disconnected from
tne trunk. Tne test unsed in place of idle channel and impulse noise was the
signal-to-C-notched nnise ratio, accomplished by measuring test tone plus
noise levels and noise levels witn tone notched out, and subtracting the two
levels th arrive at SNk in dB.

Figure 9 anc lu show frequency response measurements taken at Ft
Uetrick for transmit and receive directions, respectively. Figures 11 and 12
snaow  envelape delay measurements taken at Ft. Detrick for transmit and
receive directions, respectively. For eacn of Figures 9 tnrough 12, curves
nave heen fitted to data taken over tne appropriate frequency range. Tnree
curves are shown with each figure, corresponding to minimum values, maximum
values, and mean values for data points taken at each test freguency for the
17 C0M?2 channels,

A comparison of the test results on the 17 COM2 channels with the V2
requirements of reference (2) indicates tnat all channels met V2. OGther test
results were:

(1)
requirement
reference |

Tne phase jitter performance, unspecified for V2 circuits, met
s specified for any other type circuit prescrived in Table 2,
Zj.

() The envelope delay performance, also unspecified for V¢ circuits,
met the reguirements of D2, as used for example on AUTODIN access lines for
rates up to 1200 baud.

* Not specified for V2 circuits but tested for comperison with requirements of
other type of circuits.

18




ZH ul Adusnbauq

000€ 0052 0002 0051 0001 00§
) RRESERARERARENEEEARRARANERERERIREREREEEEEEEREREEERENEEREREE SERERREES
- -
— —
B 1 a1
- ~
i ~
i o1

19

(e
ZH 0201 3@ 0497 03 BIUBJISIY YILM gp Ul S50

$S07 —
- uea —
] g — —— — SRS oo 0
~—— -
ﬂ ~2 -
o
$S07 _
- WNWLU L G-
A 4
N -
s

01-
Lt ity vi i at gyt edopreerp g ettty totrpyatretetrqrgeag

Buaqpag 03 ¥21433Q 14 404 3suodsay Aouanbaud zWO) ‘6 @4nbiy




000t

0052

000¢

ZH ut Aduanbauy

00§51

0001

006§

FTETTTTT

FIrrTrrinmet

FrrrTrried

TrTTTrTTd

FTTTUT T

| ERERARE

rmyrrrynrd

—

g

5507
wnwLx ey~

N\

$S07 T~

abeusny

$$07

Ll 1]1td

N\

\

R

-

E:E_CwZI////xr

1

/' \

1

1111111t

11t eyl

AN EEN NN

Lid 1411t

i1 et lll

1 1

Al

L1l 1etrid

421433C 34 03 buaagplag 404 asuodsay Aouanbaud 2109

0T a4nb4

ST

01

Lo

01-

ZH 0201 3P 0437 03 d2U3J343Y YILM gp ul SSO7

20




000€

ZH ut Adusnbauy

00S2 0002 0061 0001 00§

Y rPrrrrrvyIrrTrrrrvrey T T r vy T T Ty vy rrTrrrrryvorrryr ooy TTTTT T T IrrrrrrIT
- ~
- —
~ -
b —
= —f
= felag -
| E:E_Ez/ L

,/ur

b —
— fe|aq -
- abeuaay —
- Z =
~ Kelag _
- wnwyLxey

~ ]
= -
- -1
.MPL-_;L._ prrtrrt eyttt vt ket e v erdp gyt e v e vt oLy reraeny

6aaqp 134 03 3d2t43a@ ‘14 404 Aeyaq ado|aAul ZW09

"11 84nbi4

0001~

ooot

0002

SPUO2dSOoUdLl uL Aelag




ZH ui Adouanbauy

- 000¢ 005¢ 0002 0061 0001 00¢s 0001 -
1 TTTITITTTrryrTrfyrrryryrorrrrrrrryrrrrrrrrryrorrrrrrrryrrrrrriryypirrrrreerny
= p—
- —
| -
= _
B .
- -
= -
0
Luw]
: ~ 1" =
- u rDA..
- =
- -
felag ~ =
— WUty - S
N AN - o
- A - 2
L o
M fe|aq ~ W
abedan
- v 0001
u felaQ .
—~ wnwixep -
TI‘Il
cotr i barrrrr e o cr g st e s e ey eeg s e s ag |y ooz 3

¥21439Q "14 03 Buaqpay 4oy Aeyag adojaAul 2O 21 dunbiy




A comparison of IST vs CUMZ cnannel performance indicates that
all circuit parameters' performance were essentially tine same except for
frequency response and envelope delay. The COMZ channel frequency response
maximum and minimum curves showed 1 to 2 dB of degradation at the end points,
around 300 to 500 Hz and 2800 to 3000 Hz, but no noticapnle degradation for
mid-band frequencies, as compared to the same curves for IST's, The mean
value curves for frequency response were essentially identical (within 1 dB
across the measured band) for IST's and COM2 cnannels. Envelope delay
maximum, minimum and mean curves for COM2 channels showed 200-500 microseconds
increase at the end point, around 500 Hz and 2800 Hz. For mid-band
frequencies, between 1000 and 2500 Hz, tne maximum, minimum and mean envelope
delay curves for COM2 channels showed from O to 200 microseconds increase.

Crosstalk measurements were also made on the 17 COMZ channels,
per the test procedures of DCAC 310-70-57, Supplement 14.  Near-end
crosstalk (NEXT) was measured first since NEXT is a more significant source of
degradation than far-end crosstalk (FEXT). These tests were conducted by
inserting a 1004 Hz, -10 dBm0O tone into channel O which acted as the
disturbing channel. Crosstalk into near-end (at Ft. Detrick) channels was
measured and recorded as shown in Table V. Since these measurements
necessitated tne seizing of normally operational COMZ cnannels, and pecause of
the time required to measure crosstalk in the very large numoer of possiole
combinations of disturbing and disturbed channels, only one combination of
disturdbing and disturped channels was measured. Because the resulting NEXT
data fell well within UCA standardsZ, and for reasons cited earlier, no
further testing of crosstalk was done.

2. PERFORMANCE CHARACTERISTICS GF UATA SIGNALS

a. General. The CUMZ provides detection of data calls in two different
ways. First, COMZ detects data oy sensing energy in the frequency range of
2010-2240 Hz above a threshold of -30 dBm0. To accomplisn tnis energy
detection tne CUM2 uses a pandpass filter with a center frequency of 2125 Hz
and rolloff to 10 dB attenuation at 2010 and 2240 Hz. With this form of aata
detection, the echo suppressors are simultaneousiy removed in both the
transmit and return directions. This connection remains dedicated to the
facility selected as long as there is constant energy above threshold in
either direction of transmission,

The second data detection scieme looxks for energy above and oelow
1100 Hz. If the total energy above 1100 is greater then tne enerqy below
1100 Hz oy at least 10 dB, the CUMZ recognizes tne call as being data. The
tuned circuit used nere nas a high end cutoff at about 2800 Hz. Unlike tne
first adata detection criterion, tne echo suppressors are not disabled.
However, the selected facility remains dedicated as long as constant energy is
detected.

In eitner data detection mode, tne COMZ immediately seizes a facility
and removes the fixed and variaole delay used for TAS] operation*, since such
delays are unacceptable for data transmission. The connection s maintained
for 7 seconds; tnis assures that tne system can accomnodate very snort

* See page A-1 for discussion of processing delay in the CuMZ.

23




TABLE V. COM2 NEAR-END CRUSS TALK
Channel Crosstalk

1. 47 DMBO

2. 42

3. 47

‘ 4. 45

5. 46

6. 46

7. 46

8. 46

9. 47

10. 47

11. a7

12. 48

13. 48

14, 47

15. 47

16. 47
Note: A -30 dBm0O, 1004 Hz test
tone was placed on channel 0 and
crosstalk measured on the re-
maining channels.




bursts of set-up tone occurring immediately after a call is estaolished. If
no energy is detected oy the end of 7 seconds, the facility is released from
its dedicated status. Otherwise, the connection remains dedicated so long as
constant energy is detected.

For a modem, VFCT or test tone signal which does not meet either COM2
criteria for a data call, the COM2 will initially connect the signal to a
facility and then hold that signal for a period of 7 to 14 minutes, after
which time the signal will be dropped and that channel freed to accept another
call. The drop criteria is satisfied if the signal has frequency less than
1000 Hz and energy greater tnan approximately -Z23 dBmo. The reason for
terminating such a connection is to minimize the time in wnich an inadvertent
test tone signal would occupy a facility and reduce the numoer of facilities
availaole for TASI.

Figure 8 shows the test configuration utilized for both modem and VFCT
testing. Testing was accomplished by transmitting a test signal into the
modem (or VFCT), tnrough the channel of the COM2, and over satellite and
terrestrial links to Feldberg. At the far end COM2, the quasi-analog signal
was looped on the cnannel side of the COM2 and transmitted back over the
satellite and terrestrial links to the near-end site, Ft. Uetrick. This
double COM2, douple satellite hop test configuration was necessitated by two
factors: (1) matcning modems and test sets were not available at Feldberg, so
tnat all testing was originated and terminated at Ft. Detric«; and (Z) the
COM2 requires a companion CUMZ2 in order to function in a normal TASI mode,
i.e., the COM2 cannot perform TASI when looped on itself.

0. VFCT Test Results. Testing consisted of operating 16 channel VFCT's
tnrough the COM? and measuring error rate, distortion and nolding times.
Error rate was measured by repeatedly transmitting a tele.ype test code and
noting errors in tne received code. Distortion was measured by a wave form
distortion analyzer. Holding times were measured as the time tne teletype
test signal was held by tne COMZ. Tables VI and VII display test results for
the FCC-19 and FCC-31, respectively, tne two VFCT's selected for testing.
Ingividual test runs consisted of selected number, location, and transmit
power level of active VFCT channels operating through the COM2. A list of the
mark and space fregquencies for eacn of tne 1o channels is snown in Taple VIII.

keferring to Tabnle VI, the first tnree tests consisted of transmitting
tne test code through cnannels 1, 8, and 16, respectively, with all otner
channels in a mark nold condition. As indgicated for each three tests, tne
test signal was dropped by tne CuMZ after an approximate 8 minute holding
time. Thne reason tor tnis action is tnat significant energy lies below
1100 Hz and insufficient energy lies in tne 2010-2240 Hz frequency band, so
that neither data call criterion is satisfied; the CUMZ tnen dropped tne
signal after a 7-14 minute timeout since the VFCT signal nad frequency less
than 1000 Hz and energy greater tnan -23 dBmo. The remaining five tests of
Taple VI were also of cnannel 1, 8, 16, out witn all otner cnannels quiet. As
expected, channel 1 was dropped witnin tne 7-14 minute window, while channels
s and 16 were neld neyond tne 14 minute timeout. This result was due to the
respective frequencies used witn the tnree channels tested and tne COMZ data
call recognition criteria. Tne only exception to tne expected result was with




el oo

TABLE VI. FCC-19 VFCT TEST RESULTS

Channel Channel  Other Composite Error Length
Test # Tested Level Channels Level Distortion Rate of Test
1 1 MARK -13 dBm 16% Error Dropped
HOLD 600 ohms Free at 8 min
2 8 MARK -13 dBm 12% Error Dropped i
HOLD 600 ohms Free at 8 min
3 16 MARK 13 dBm 245 Error  Dropped J
HOLD 600 ohms Free at 8 min
4 1 -15 dBm  ABSENT 5% Error Dropped
Free at 14 min
5 16 ~-15 dBm  ABSENT 10% 1 Tine Held for
in error 25 min.
No drop.
6 1 -23 dBm  ABSENT 20% 1 Line Dropped
in error at 14 min
7 8 -23 dBm  ABSENT 12% Error Held for
Free 25 min.
No drop.
8 16 -23 dBm  ABSENT Error Dropped

Free at 7 min.




TABLE VII.
Channel Channel  Other Composite
Test # Tested Level Channels Level
1 2 MARK -13 dBm
HOLD
2 1 MARK -13 dBm
HOLD
3 16 MARK -13 dBm
HOLD
4 2 Nominal ABSENT
(-13 dBm)
5 7 Nominal ABSENT
(-13 dBm)
6 11 Nominal ABSENT
(-13 dBm)
7 16 Nomina) ABSENT
(-13 dBm)
8 2 -23 dBm  ABSENT
9 7 -23 dBm  ABSENT
10 11 -23 dBm  ABSENT
11 16 -23 dBm  ABSENT

27

FCC-31 VFCT TEST RESULTS

Error
Distortion Rate
14% 0
15% 2 lines
in error
13% 0
14% 0
19% 0
0
13% 0
35% 2 lines
in error
17% 0
0
15% 0

Length

of Test

Dropped
at 7 min.

Dropped
at 8 min.

Uropped
at 7 min.

Dropped
at 7min.

Held for
28 min.
No drop.

Held for
20 min.
No drop.

Dropped
at 8 min

Oropped
at 7 min.

Held for
20 min.
No drop.

Held for
20 min.
No drop.

Dropped
at 7 min.



TABLE VIII. VFCT MARK AND SPACE FREQUENCIES

Channel Frequency (Hz)

Mark Space
1 382.5 46/.5
2 552.5 637.5
3 722.5 807.5
4 892.5 §77.5
5 1062.5 1147.5
6 1232.5 1317.5
7 1462.5 1487.5
8 1572.5 1657.5
9 1742.5 1827.5
10 1912.5 1997.5
1A 2082.5 2167.5
12 2252.5 2337.5
13 2422.5 2507.5
14 2592.5 2677.5
15 2762.5 2847.5
16 2932.5 3017.5

3 £ R ST
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the last entry of Tanle VI where channel 16 was tested at a transmit power
level of -23 dBm witn all otner cnannels quiet. Here the test was dropped at
7 minutes apparently because of insufficient energy {(-23 dBm) at channel 16
frequencies to meet the COMZ data call criteria. Finally, note that
distortion levels are generally within teletype tolerances (typically 10-15%),
although it is noted that the distortion level and error rate both increased
for lower transmit levels (e.g., -23 dBm).

Referring to Table VII, results similar to those of Table VI are
observed. Note that for tests 6 and 11, where channel 16 was tested with all
other channels quiet, the noiding time was 8 minutes indicating that
insufficient energy was present to meet the COM2 data call criteria.

As a final test, an oscillator was used to input a frequency varying
signal to determine at what frequencies the COMZ would recognize a data call.
The COMZ front panel dispiay was monitored while sweeping tnrougn a 1-3 KHz
frequency range. Starting at a test tone of 1 KHz at -lo dBm, tne frequency
was slowly increased and tne following was noted:

ke

(1) At 1060 Hz, data call criterion #2 (energy above "“1100" H7) was
recognized.

(2) At 1930 Hz, data call criterion #1 {energy in 2010-2240 Hz range)
was recognized.

Then, starting at a test tone of 3 KHz at -To dBm, tne frequency was slowly
decreased and the following was noted:

(3) At 3000 Hz, criterion #2 was recognized.
(4) At 2300 Kz, criterion #) was recognized.

The above data indicate the upper and lower frequencies at wnicn the COMz data
call criteria is satisfied,

c. Modem Test Results., Testing consisted of operating voice channel
modems througn the COMZ and measuring it error rates. Modems tested were thne
Codex LSI 9000, Paradyne LSI 9000, Lenkurt MU 707 and Stelma MU 674. As shown
in Figure 5, oit error rates were measured by using tne HP 1045A test set
which provides generation and detection of a selectable lengtn, pseudo random
bit pattern. Error rates were averaged over 10-15 minute measuring periods.
Performance of eacn modem was cnaracterized for several transmission
conditions, as descrioed nelow.

(1) Bit trror Rate Performance Witn ana Without COMZ.

Tadle IX indicates results of BER testing of each modem, at the 4
bit rate specified, for two test configurations: (1) with the modem operating
througn a COMZ2 deriveda facility as snown in Figure &, and (¢) with the COMZ
removed from the test configuration and the modem operating directly into a
PCM derived trunk, 3s snown in Fiyure 3. For the former test, COM2 facilities
selected for madem testing were tnose operating into tne PCM voice cnannels
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TABLE IX. MODEM BER PERFORMANCE

WITH AND WITHOUT COMZ

Bit Error Rate
Modem Bit Rate With COM2 Without COM?
L‘e MD-674 300 bps 8.3 x 10-4 2.7 x 10-5
MD-701 1200 bps 4.0 x 10-5 3.4 x 10-6
Paradyne 7200 bps 2.8 x 10-° 1.3 x 10-
9600 bps 3.8 x 105 1.8 x 10-5

NOTE: Nominal -13 dBm Transmit Level used for all tests.
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(7 of 9 facilities operated through a PCM channel bank). In this way,
packground noise was nearly the same for all channels, allowing a fairer
comparison of modem performance with and without the COM2. The difference in
BER performance with and without the COM2 is noted to be relatively small for
each modem, although a slight degradation in BER was observed for modems
operating through the COM2. Tnis degradation is perhaps explained by the
slight increase in envelope delay distortion of the COM2 derived channel
compared to a PCM derived channel. However, even with the test conditions
descripbed aoove, slight variations in channel background noise may have been
the major contributor to bit errors.

(2) Sensitivity to Transmit Level.

In this test BER performance of each modem operating over COM2
was measured as a function of modem transmit level. As shown in Figure 13,
the transmit levels were varied from a nominal -13 dBm to 10 dB below
nominal. Resulting BER's indicated a slight degradation in BER for 2 to o dB
reduction in transmit level and more significant degradation (approaching one
order of magnitude) for 8 to 10 dB of reduced level. This same test conducted
without tne COMZ2 resulted in the same relative degradation in BER with reduced
transmit levels, but witn a shift in BER as predicted by Tanle IX.

(3) Sensitivity to Noise.

To determine modem sensitivity to noise, BER measurements were
made as a function of idle channel noise (ICN). This was accomplished by use
of the COMZ2 Management Reporting System, whicn provides a report entitled
Private Line Status that gives recent idle channel noise for poth transmit and
receive directions of each facility. The ICN measurement range is 26 to
56 dBrncO, where facilities with ICN's greater tnan 56 dBrncO can not be used
for COM2 trunking. Since the modem tests involved two paths and hence two
separate facilities of the COM2's, it was necessary to note whicn facilities
were used for tne transmit and receive modem signals. The ICN's for both
directions of transmission were noted along witn the BER of tne modem unaer
test. The results are given in Figure 14 where it should be noted that (1)
the ICN for each data point was taken as the worse of the transmit and receive
facility ICN's and (2) a straight line approximation has been drawn between
the data points for each modem. As expected, results show aeygradation of
modem performance with increasing idle channel noise.

3. TRAFFIC DATA ANALYSIS

a. General. This section descripes results of statistical analysis
applied to COM?2 traffic data collected during the period 2% Sep 1979 to 18 Oct
1979 inclusive. Traffic data was collected via the COMZ2 management reporting
system, which was connected to a terminal for direct printout and key-in
capapility. Several reports are availaple from the COMZ whicn provide traffic
data on a periodic pasis or per terminal input keyed request (see
Appendix A). Tne reports used for the analysis presented herein were tne
Automatic Hourly Dump (see kppendix B) and the Traffic By Hour, A1l channels,
Tne statistical analysis wnicn follows nas been divided into four areas;
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(1) CCS (Hundred Call Seconds) for both voice and data, (¢) speecn loss
statistics, (3) olocking statistics and (4) etract of lost facilitizs on
speech loss and olocking statistics.

b. CCS Statistics. Total call CCs statistics were collected from the
Automatic Hourly Dump report, whicn reports total call CCS every hour on the
hour. Figure 15 is a nistogram of total CCS for all 17 COM¢ cnannels averaged
on a per nour basis for the 20 day test period. The ousy hours were as
expected, between 1200 and 1700 zulu, where office hours overlapped vetween
CONUS and Europe. With a maximum CCS perhour of (17 channels) x (36
CCS/channel) = 612 CCS, it is readily apparent tnat tnese 17 channels were
heavily used, especially during busy hours. For tne 13 working days of tie 2U
day test, the busiest hour was 1500-1600 Zulu witn an average CCS of 553,

Total dgata call CCS statistics were collected from the Traffic By
Hour, A1l Channels report, which provides total data call CCS for each hour.
Figure 16 is a nistorgram of total data call CCS for all 17 CUMZ channels
averaged on a per hour basis for tne 20 day test period. Tne busy nours
ranged petween 1200 €nd 2100 Zulu. As indicated, data call activity tnrough
these 17 channels was quite small, even tnough for part of that 20 day period
modem tests were being conducted through thne COMZ2 and hence were included in
tnese statistics. Tne bDimodal shape of this distrioution was due to (1)
normal data call activity during the busy hours of approximately 1200 to 1000
Zulu ana (2) modem and VFCT testing conducted at Ft. Letrick between 1700 and
2100 Zulu.

c. Speech Loss Statistics. Speech Toss will occur in the COMZ (or in
any TASI device) when speech activity per channel becomes excessively high and
when tne numper of cnannels simultaneously having this high speech activity
becomes excessive., When this condition arises in the COM2, speech loss can
occur due to tne dropping of speech samples or the lack of puffer space for
storage of speech samples. Speech loss statistics in the COM2 were collected
from tne Automatic Hourly Dump, which provides two entries for speecn loss
information each entry independent of the othner:

{1) BUFF LOSS: indicates total speech in seconds that is lost
for all channels due to no buffer being available when requested by a channel;

(2) SEG LOSS: inaicates total speech in seconds for all channels
that is lost due to (a) overload causing speech sampies to be dropped, and (b)
buffer already assigned to a given cnannel being full when accessed by that
channel.

Analysis of this speecn loss information first required the
summing of BUFF LOSS and SEG LQOSS times in seconds to arrive at thne total
speecn loss for all 17 channels for each hour of the 20 day test period. The
total speech loss per hour was then divided by total speech seconds for that
nour to arrive at a fraction (to be expressed in percentage) of total speech
lost (see Glossary for definition of terms). The first presentation of this
data is the histogram of Figure 17, wnich shows the total speech loss per hour
averaged over the 20 day period. Note that as expected the maximum speech
loss occurred during the pusy hours 1200 to 1700 Zulu.




e e [ e et

(ninz) anoy

22 12 02 61 81 (1 ST ¢1 €1

I o1

es5s sass T 22512208 TEET 22 SELES 22E0E PR LS Ty 12328 1282
¥ 35 I3
t 38248 sy Syt 3233 RERd Feses LREIEE
2 nv» u!nv“‘w.u FEE2s 524 e
: 1 ? s
H Y 34
s3121 se3s g
o
yon s onededt b4 1T
e f *
I_ }g 39008 Sgaan
v t
aaes
1
3 4483 pa.
N T
t + :
e 3
tF
¥ basese:
H T
T
+ ~4
t it
}
L i3t : :
H i ¥
H H
EHE 3 T
353!
e i3 +
by sl s . 333 T
2434 i w
T - boeae 196 B4 o
& m Yy
T
il 5 3323 o t
s :
338 H 3 : ; >
SSGRe090a s o * e b ¢4 T <
BYH H
s ]
o t i H 2
abed 1330 t+ 4+
- B e i t Y
i
23333 M i 0
33221
3. 0
=
- » 1T
B : v
@n : :
: ‘00t
3 R gs
H T T
¥ ¥ 1
rH $ 11 + =t
T
+ HH it
2

009

i
FRET 2..: 4390359 g1 - Jaquardas 62
uo»swm‘soy ;:o: 434 §73 3beaaay jo weuaboysiy G aunbiyg




2l - - T - r B e

(nynz) 4noy

Tttt TTTt o T T T N

- 00 €2 ¢z 12 0z 61 81 (I 9T ST 1 €I 2l

11 0l 60 80 [0 90 v €0 10 00

IRRTES

$J3) LL®) eieq abeuany

o




20

tH

4+ b

T
~N
.

: N
ey
+
1 T Y
' pe) s 2354
1 T 3. badd ¢ hd
e 4 ps - T
T o
b |
1 T
t T
T [5s eose sasns
T [ $st
e 1 1
oy + s
I 3 i3 :
t
iy
H t
1
1 Segy sases o
+ f
T e +
+ e iete
1 353201
§ 553!
20l
T3
bt
t
pod 1
ret Fens 23234
e
[223° 2922
e 223333333 S
3 ;238
T DI 3824 pooee
Lpitie
[3%s frade
Teopests iees
3oy
31 So388 4300
bhe dui ioddd
pE=3T 2231
fiipygait
¥
i i .
.X..WM. -t eyl
L SR
t
1
sk
5338578 orss
> s
+ Foee 1o
1 ¥ e ededliB Nl
9 Jagds saa3e
31 e seteiied
.




Tne second presentation of tnis adata is given in Figure 18 anicn ;
gives thr distribation ot speacn loss percentaqge, agaia tor all nours of tne ]
20 day test pariod. For a cnoice of x% speecn lass, tne distrinution snown is

tne probability (or % of all nours) tnat tne Speecn 10ss wa, 12ss than or
equal to x%, For examnle, 49.2% of all hours nad a speecn loss percentage of
less than 1.0%, and /4% ot all nours nad no speecn 1ass.

Figure 19 snows the distrivution nf speecn 10ss for the busiest
hour of eacn agay for tne ¢U day test period. Here note tnat the maximum
speecn 10ss observed was 1.3% (for only one nour), ang tnat 30% of the
Jusiest nours had no speecn 10ss. Here ousiost hour was detined to be thdt
nour of eacn day that nad tne maximum speecn inss percentage. .

d. Blocking Statistics. Blocking or incoming cnannels occurs in tne
COMZ2 wnen existing loading indicates that adaitional cnannels, if accepted,
would experience speecn loss greater tnan tne (UM specification. Calls are
prevented from accessing tne CUM¢ by indicating a ousy tone on the channel(s)
to be blocked. Tne actual speecn activity, number of data calls, and number
of facilities out of service, are all used by tne CUMZ in an algorithm to
determine when blocking (overload) conditions exist. The activation of
olocking in no way effects existing calls out ratner acts to maintain voice
guality on existing connections.

COA2 overload events are reported via the Automatic Hourly Dump.
The OVD SECS indicates tne total time in seconds tor all cnannels that an
overload condition existed during tne hour reported. Using tnese olocking
times from the OVU StCS entry, a olocking percentage was arrived at by
aividing the total blocking time in seconds by the total system usage in
seconds for each nour (see Glossary for definition of terms).

Figure 20 is a histoaram of percentage of blocking time per nour
averaged over tne 20 day test period. The only significant olocking is .
indicated over the tnree hour period 1200 to 1500 Zulu, whicn coincides with 1
the busy hours on these CONUS-Europe trunks. Figure 21 provides the
distridution of blocking percentages for all hours of the 20 day test period,
plotted on probanility paper. Tnis curve indicates that the blocking
percentage is less tnan 10% tor 90% of ali hours testeo, and that no blocxing
occurred for 75% of all hours. Because of three hours which showed excessive
blocking (greater tnan 50%), the curve showS a Steep slope beyond the 99%
point. Finally, Figure 22 shows the distribution of blocking percentage for
the pusiest hour of eacn day for the 20 days. Note tnat 90% of the busiest
nours had less tnan 12% blocking, and 35% had less than 1% blocking. Again,
because of the three hours with excessive blocking, the curve has a steep
slope beyond the .90 probability point. The busiest hour nere was defined as
that hour of each day which nad the maximum percentage of blocking time.

e. Effect of Lost Facilities on Blocking and Speech Loss. Another
means of characterizing blocking and speech loss performance is as a function
of the number of total facilities availaole for processing calls. Data calls
and out-of-service facilities will reduce the number of facilities available
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for Tasl vperation. As tne numoer of tacilities 15 reduced, din Taceease i
blocking can be expected, anu an increase in speecn 1oss Vs alsy suspected,
The overall algoritim used to drop speecn and oloce channels s compliex and
depends on more tian just the numper of availavle facilities. However,
knowing that a direct dependence exists petween specch 10s3,003cKiny and
facilities availapility, the test data was dndlyzed tu quantiiy tnis
relationsnip for the 20-day test period.

For eacn hour of tne test period, the number of facilities
available for normal TASI operation was determined vy using tne CUMy
management reporting system to record (1) data calls and (¢) out-ut-service
facilities. uvata calls were reported oy tne Tratric vy Hour, All Cnannels
report. Because tne CUM2 dedicates a facility full periog tor eacn data call,
tne namper of facilities lost due to data calls was immediat2ly known, 1t
should be noted tnat both routine, operational data calls and modem testing
conducted under tais test program reduced tne number of available racilities
anc were listed within this COMZ management report. Out-of-service facilities
were recorded by the Alarm report, wnich provides a printout ot various alarm
conditions including failed facilities. Uut-of-service conditions occurred
due to both equiment failure (COMZ or otner transmission equipment) and high
noise on a particuler facility.

Figures 23 and 24 indicate tne effect of tne numoer of facilities
lost on blocking and speech loss, respectively. As indicated on each figure,
there were four different data points observed auring the test period,
corresponding to:

Data # Facilities # Hours
Point Lost vUpserved
] ] 27
2 Z 9
3 3 3
4 7 3

For each data point, the mean was calcutated as shown on the appropriate
figure. A straight line approximation has pbeen drawn between the thira and
fourth data points. As expected, there existed a direct relationship between
blocking and tne number of lost facilities. With seven facilities lost, there
existed only two facilities availaole for TASI and the mean olocking
percentage exceeded 50%. With two facilities lost (seven facilities
available), the mean blocking percentage was less than 2%. As shown in Figure
24, the relationship between speech loss and numoer of lost facilities was not
as direct. This may be explained by the fact that this data does not take
into account the number of active channels or the speech activity factor
during periods of lost facilities, leading one to conclude that speech loss is
more dependent on channel activity than on the number of available facilities.
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4. USER SUBJECTIVE EVALUATION

a. Purpose. The purpose of this test was to evaluate the CUMZ from the
user's point-of-view. The acceptability of any new voice communications
system cannot be determined from evaluation of just technical parameters.
This test provided ooth the necessary subjective evaluation and a means of
familarizing users with a new system.

0. Approach. The evaluation was designed to measure the extent that
users liked or disliked the quality of calls made over the COM2 equipment,
The COM2 equipment was configured for normal operation, as shown in Figure 1.
A special NYX code of 319 was programmed at the Feldberg and Langerkopf
AUTOVON switches that permitted callers to select transoceanic circuits using
COM2 equipment. Selected AUTQVON subscribers in Europe were given the special
NYX code of 319 and were asked to evaluate the performance of tne COM2 voice
channels. Voice users were provided an AUTOVON User Report Sheet (See Figure
25) to evaluate the quality of their calls. The AUTOVON User Keport Sheet was
specially designed to determine the following:

Intelligipnility.

Quality (compared to normal AUTOVON service).
Effect of olocking and clipping.

Effect of fixed and variable processing delay.

aooo

c. Results. The AUTOVON User Report Sheets were collected and forwarded
to Hg DCA/Code 520, Washington, UC. An analysis was made of over a thousand
report sheets. Tne resuits indicate the subscribers involved in the
evaluation used the COMZ with regularity. They reported the quality to be as
good as, if not petter, than the normal IST circuits. Based on a 100 point
scale of overall acceptability, tne subscriber on the average rated the COM2
as 95.
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Operational Test

AUTOVON USER REPORT SHEET

Using Area Code 319 will trunk your CONUS AUTGVON calls over a special
trunk group designed to improve AUTOVUN service. This special trunk group is
under evaluation. Please list and evaluate eacn 319 call.

Date: Time:

Loud Soft

Intense () () () () () Mild

Continuous Intermittent

Sustained { ) { ) {) { ) () Clipped

Natural Unnatural

Familiar () () { ) () () Foreign

Pleasant Annoying

Pleasing () { ) () () () Irritating

Intelligible Unintelligible

Clear () () () () () Hazy

Steady Fluttering

Stable () () () () () Unstable
Interference

No Interference () () { ) () () Crosstalk

No Echo

Instantaneous () () () () () Echo

Active Passive

Brisk () () () () () Uragging

How would you rate this system on a 100 point scale of overall
ot ot=d o R AT TN I T T

Figure 25. User Subjective Evaluation Form
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IV. CONCLUSIONS
1. VOICE CHANNEL CHARACTERIZATION

COM2 derived voice channels provided performance equivalent to or better
than V2 as required for AUTOVON interswitch voice grade trunksé. Of those
channel parameters tested, the only significant degradation introduced by COMZ
was in envelope delay which may result in a limit on performance of certain
high speed { 9600 bps) modems operating through the COMZ.

2. DATA CHANNEL CRARACTERIZATION

Testing of VFCT's indicated that the COMZ generally failed to recognize
fully loaded VFCT's as a data call and dropped these connections within the
7-14 minute period allocated for inadvertent test signals. VFCT's do not meet
COM2 criteria for data call recognition because (1) significant energy lies
below 1100 Hz and (2) energy in the frequency band 2010-2240 Hz is
insufficient. During the 7-14 minute holding time, however, bit error rate
and distortion performance were found acceptable for the two VFCT's tested.

It should be noted that the COM2 handled VFCT's exactly as expected because of
the failure of VFCT's to satisfy COM2 data recognition criteria. Hence,
VFCT's must be accommodated by non-COMZ2 trunks.

Tests of modems indicated marginally acceptable bit error rate
performance* both with and without the COM2 for rates up to 9.6 kb/s. The
slight degradation of BER when operating over the COM2 was probably within the
test measurement error which occurred because of varying channel noise levels
and 1imited statistical confidence in short term BER measurements. The COM2
degradation of envelope delay as described above may have also contributed teo
modem performance degradation. However, it should be pointed out that voice
channels tested, both with and without the COMZ2, are not specified for modem
operation and in fact failed to meet frequency response and envelope delay
requirements as prescribed, for example, on AUTOVON access lines and trunks at
rates of 7200 and 9600 bpsé. Other modem testing of sensitivity to transmit
power level and channel noise indicated that COM2 provided no additional
degradation to performance.

3. TRAFFIC DATA ANALYSIS

Statistical analysis of COMZ traffic data indicated heavy usage of these
AUTOVON IST's, particularly during busy hours. As expected, only a small
percentage ot usage was for data calls, as these circuits are specifieu for
voice only. 1In view of the heavy loading of the COM2, the resultant speech
loss and blocking statistics should indicate a worse case condition tor

* Reference (/) states that the average BER should be equal to or better than
1 x 102 over any 109 bit interval 99 percent of the time for rates of 50
through 9600 bps.
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AUTOVON [ST's, Speech loss statistics indicated that more than Y9% or all
nours had Tess than 1% speech 1o0ss. This loss of speech takes the form of
clipping, i.e., the loss ot initial part of speech bursts which proved
tolerable and in fact was unnoticed by users who completed the subjective
evaluation torm. Blocking statistics indicated that blocking percentage was
less than 1U% for Y0% of all hours tested. The blocking of incoming channels
in no way affects existing calls so that the net result is tnat the full 2:1
compression is not realized for all hours, but for a high percentage of all
hours. Significant blocking (approximately 50%) occurred during a three hour
period in which seven trunks were reporteu cut, leaving only twe trunks
available for 17 incoming channels.

4. DIAGNOSTIC REPORTING

During the course of COMZ testing, occasional transmission equipment
failures and link fading resulted in COMZ diagnostic action. Failed trunks
were first eliminated from the TASI pool and then reported as an alarm
condition via the terminal. Subsequent testing of the failed trunk, done
automatically by the COMZ, resulted in restoration upon remeoval of the
failure. During periods of satellite or line-of-sight link fading the COM2
kept existing calls connected, as expected. The bypass mode, wnich normally
is enabled only for a power failure or “sanity" failure of the COMZ2 processor,
was intentionally enabled to evaluate its performance. Two minor problems
were observed upon return to normal operation: (1) the timer of the management
reporting system is reset after bypass and (2) all keyed-in requests for
reports are disabled and must be reset after bypass.
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? V. RECOMMENDATIONS
1. FUTURE APPLICATIONS

Test results provided in this report apply to other AUTOVON interswitch
trunks with certain qualifications pointed out here. Implementation of COMZ2
with other types of DCS circuits, such as AUTOVON access lines, AUTODIN and
AUTOSEVOCOM, may require additional analysis or testing which should be
determined on a case by case basis.

This test configuration provided for the application of COM2 to a
combination of analog and digital transmission links, since part of the COMZ
derived trunks were routed through analog equipment and the remainder through
k digital equipment. Satisfactory performance was observed, although it should

be noted that out-of-spec circuits may be rejected by the COM2 as was found
with the two trunks initially routed by troposcatter links from Croughton to
Feldberg. Also, since all trunks were routed via satellite for the
transoceanic portion, no problem with differential delay was observed among
the nine trunks. Because of the shared nature of each trunk for TASI
operation, there exists a 40 msec 1imit on differential delay allowed among
COM2 trunks. Hence, use of a satellite Tink for some trunks and terrestrial
links for other trunks is precluded for COM2 application.

it st sl

Voice channel performance equivalent to V2 has been demonstrated and can
be expected for other COM2 applications where V2 is already being met. VFCT's
operating through the COM2 will not be held for longer than 14 minutes and
therefore are not permitted for COM2 usage. Modem tests reported here
indicate acceptable performance through the COM2, but additional tests and
additional modems, as described below, must be evaluated before a definitive
recommendation can be given. For the 17 on Y system evaluated, acceptable
speech loss and blocking percentages were observed. Since larger COMZ
configurations will experience even smaller percentages of speech loss and
blocking, configurations ranging from 17 on 9 to 31 on 16 are recommenaed.
Smaller configurations would require additional analysis or test.

Cxperience with the COM2 management reporting system proved its usefulness
for both traffic data analysis and fault diagnosis. Having a terminal
collocated with the COM2 facilitated input/output and is recommended for all
future COM2 applications for at least one end of the system. The ability to
troubleshoot not only the COM2 but the entire circuit, from COMZ channel to
COM2 channel, will eventually prove to be of great service to technical
controllers. To «ompletely remove the COMZ for troubleshooting purposes,
channel testing should be done between the COM2 channel and the switch, and
trunk testing done between trunk sides of the COM2. Testing of channels
through tne COM2 requires special procedures in order to continuously hold a
given channel. Before initiating any 1004 Hz test tone which is to exceed a
tew seconds, a tone in the 2010-2240 frequency band should be transmitted
which will cause the COMZ to disable the echo suppressor and provide a
dedicated trunk for that channel under test. Thereafter, so long as constant {
energy is present, continuous testing without interruption can be
acccomplished with a 1004 Hz tone.




FUTURe TeSTING

Certain tests applicable to veice concentrators can not Je conullteu in
tnis operaticnal configuration because ot tie variability of transmissicn link
pertormance.  Test of COMZ performance as a functicn of varicus sources of
impairment require a laboratory controlled environment and two CUMZ2's
operating in a looped configuration. (Note that a single COMZ cannot be
looped on itself and still operate in a TASI mode.) A list of tests yet to be
conducted but required to prove out COMZ tor other applications is given in
the follewing.

a. Bit Error Rate Sensitivity. For applications of the COMZ operating in
conjunction with a PCM multiplexer (e.g., AN/FCC-98), this test will determine
the effect of bit errors on COMZ performance. To accomplish this, the PCM
multipiexer will have errors inserted in its compesite bit stream (at 1.544
mbps) to simulate the effects of a transmission channel error rate. The PCM
multipiexer transmit bit stream, after error insertion, will be loopea back to
tne receive side of the multiplexer as shown in Figure 2 of reference (1).
Performance of voice and data signals will be characterized for error rates of
10-3, 10-3, and 10-7.

D. Noise Sensitivity. For applications of the CUMZ operating with Fim
equipment, this test will determine the effect of noise on COM2 performance.
fo accomplish this, the FDM equipment will have noise agaed to its composite
spectrum (e.g., at 60-108 KHz for a FDM group) to simulate the effects of
additive channel noise, as shown in Figure 5 of reference (1). Variation of
the noise level will allow control of the signal-to-noise ratio. Both voice
and data signals will be characterized as a function of S/N.

c. Multiple TASI. This test will determine the effect of multiple TASI
operations on voice and data signal performnce. The test configuration
requires successively looping through the channel side of the COM? to increase
trie number of TASI operations and analog-to-digital conversions on a given
inpul signal and measuring performance parameters appropriate for the signal
under test, as shown in Figure 1 of reference (1).

d. Speech Recognition Sensitivity. This test will determine the ability
of COMZ to recognize speech as a function of input level and duration of
speech burst., Various types of background noise will be input to COM2
channels to determine the COM2's ability to distinguish speech from noise
sources.

e. Speech Loss and Blocking. This test will determine the amounts of
speech los§ and blocking in the COMZ as a function of number of busy channels,
speech activity factor per channel and number of available facilities.




f. Transmission Control. This test will determine the degree to which
transmission levels and bandwidth are controlled by COM2 on its facility
outputs. Longitudinal balance and impedance versus frequency and presence of
transients will also be part of this test.

g. Signalling Characterization. The COM2 is designed to provide
transparency to in-band signalling such as DTMF or MF. This test will verify
COM2 interface with DCS versions of in-band signalling, with emphasis on the
effect of delays introduced by COMZ.

h. Alternate Voice/Data Circuits. This test will determine COMZ2 ability
to recognize and maintain a data call when an alternate voice/data circuit is
switched from the voice mode to the data mode.
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GLOSSARY

Blocking During overload of a voice concentrator, unseized
channels will be blocked from being seized. Blocking
prevents active channels from being further degraded
during overload conditions.

Blocking Percentage Percent blockage due to overload.
% blocking = total seconds of system blocking
total system CCS x 100 x 100
CCS Hundred call seconds. The unit of CCS indicates the

length of time a connection existed on a particular
channel per unit of time. There are a maximum of 36
CCS in one hour per channel. This unit of traffic
data is often used in statistical analysis of data.

Overload Overload can result from high speech activity on a
relatively large number of input channels. Generally,
an algorithm is used to sense overload conditions and
initiate blocking.

Speech Activity Period of time that speaker is active. Because of
gaps, pauses, and listening times, typical speech
activity factors are 30-40%, here

% speech activity = speech CCS
P Y total CC5 X 100

Speech Loss During periods of excessive speech activity or when
buffer space becomes unavailable, a voice concentrator
will be forced to drop speech segments. Such loss
of speech is interpreted by the listener as a clip of
the beginning, middle or end of a speech burst.

Speech Loss Percentage Percent speech loss = speech loss in seconds
(speech CCS x 100) x 100

Time Assignment Speech

Interpolation TASI is a voice concentrator technique which uses gaps
and pauses in the speech of one channel to transmit
speech bursts from other channels. Concentrations of
up to 2 = 1 have been commonly utilized within
commercial telephone networks.




APPENDIX A.
COM2 DETAILED DESCRIPTION
1. INTRODUCTION

The COM2 is a voice concentrator that uses microprocessor and digital
processing technology to statistically multiplex voice conversations onto
private lines in an approximate two-to-one ratio. Each COMZ2 allows a maximum
of 31 voice circuits to be concentrated onto 16 private lines, and a minimum
contiguration of 9 on 5. Within these 1imits the system is designed to
multiplex 2N-1 incoming channels to N outgoing channels.

The COM2 combines Time Assignment Speech Interpolation (TASI) principles
with the use of buffers to allow efficient multiplexing of even small trunk
group sizes. TASI consists of filling in the silent gaps and pauses occurring
in one voice channel with speech trom another channel. This technique has
previously found agp]ication with submarine cable and satellite for relatively
large trunk groups>.

2. SPtECH PROCESSING

The COMZ transmits and receives voice in an analog mode. Internally, it
processes the voice signal in digital format by utilizing standard 64 kbps P(M
with (255) law companding. Figure A-1 is a simplified block diagram of the
CUMZ2. Incoming speech on the channel side is detected by speech detectors and
simultaneously is stored in a buffer assigned to that channel. If a trunk is
available, a control symbol is first transmitted to direct the far-end to
place the speech burst on the correct channel. The delayed speech burst
follows the symbol on the same trunk. The fixed buffer delay serves the
purpose of allowing time for speech detection and transmission of the symbol
without clipping the leading portion of the speech burst. Should an idle
trunk not be available, buffers with variable length are usea to store speech
until a trunk becomes available. At this point, following the transmission of
the symbol, speech is transmitted from the buffer continuously until
termination of the speech burst. Hence the buffer introduces a fixed plus
variable delay equal to the time required to detect the initial part of the
burst and to locate an available trunk for transmission. When the speech
burst terminates, the buffer releases the memory it has acquired until the _
buffer contents are depleted, at which time the buffer is returned to the i3
pool. The design ana performance of these buffers is considered in greater :
detail in reference (6).

Loss of speech segments may result from initial delay while waiting to
acquire a butfer and from buffer overflow when all buffer segments are in
use. Once a burfer request is made, failure to provide a buffer because all
are in use leads te loss of initial speech, callea clipping. Once a buffer is
assigned to a channel, speech will bLe stored in 32 msec segments with a total
of 96 segments available. If the buffers begin to saturate, a speed-up
release of segments is started. This is done to release segments faster for
new incoming speech,
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Under certain conditions of heavy traffic volume, overload of the COMZ2 may
occur which will result in blocking any unseized channels from being seized.
The COM2 monitors speech activity and compares it to a predetermined threshold :
for overload. This threshold is aetermined by the total number of ‘

speech-available facilities (total number of facilities minus total number of
data calls currently active). To come out of overload, the COM2 continues to
compare average speech activity against a threshold.

3. INTERFACES

COMZ2 channels and facilities are both designed for 4-wire operation plus
£&M signalling, as shown in Figure A-2. The T, R and T1, R1 leads form voice
transmission pairs and operate with 600 ohm impedances. The M lead on the
COM2 channel side detects an incoming call. Local switching equipment applies
a ground to the M Tead for the idle state and -48 volt DC for the active
state. The M lead on the COMZ2 facility side transmits a signal to the trunk
lines; ground for idle, -48 volts DC for the active state. The E lead on the
COM2 channel side provides a ground for the active state and an open circuit
for the idle state to the switching equipment. On the facility side of COMZ
the £ lead detects ground as an active state and an open circuit as the idle
state.

When the system automatically by-passes itself because of failure (system
or power), the COM2 connects facility Teads directly to corresponding channel
leads via internal relays. The T,KR leads on each side connect to the T1, R]
leads on the opposite side to preserve compatibility of direction and level.
However, in by-pass operation channel 0 and facility O remain terminated in
the COMZ ratner than becoming connected to one another via relays. This
permits COM2 to communicate end-to-end via this facility and allows
re-initiation of the system. cChannels 1 though n are available for call
processing during by-pass, being connected through the relays to facilities 1
through n. Channels n+1 through 2n-1 have no corresponding facilities for
connection; these channeis (also channel Q) are accommodated by placing a
ground con the £ lead of the channel interface so the channel appears seized.

During overload, calls are prevented from accessing the COM2 by inaicating
a busy tone on the channel{s) to be blockea. Two options are provided for
interface with tLhe switch:

(a) E-lead idle and busy tone.
{b) E-Tead active and busy tone.

Echo suppressors are contained within the channel interface circuitry.
Hernce, those normally provided with private lines (trunks) are not required
and should be removed when the COMZ2 is on line.

The COMZ is transparent to all types of supervision and signalling. A1l
such incoming signals at each end are recreated at the other end without
attempting to recognize the protocol. E&M leads provided by the COMZ allow
supervision but in-band supervision is also possible. Likewise, address
signalling may appear on the cé&M ieads (dial pulse) or may be accommegated
in-bana (UTMF or MF),
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In-band supervision and signalling is treated as speech by the COMZ,
although no variable delays are involved since supervision/signalling has
highest priority for trunk usage. Signalling appearing as E&M is converted to
in-band for transmission and is reconstituted as E&M at the distant end.

No variable delays are involved in supervisory signalling since it has
highest priority for trunk usage. For E&M signalling, a fixed delay of
188 msec is introduced. For dial pulse signalling, a 220 msec fixed delay is
involved with transmission of each dialed digit. For in-band (DTMF or MF)
address signalling, COM2 introduces a fixed delay of 60 msec and a variable
delay from zero to several hundred milliseconds, depending on the load at that
instant.

A performance specification for COM2 interface is provided in Appendix B.
4, DATA HANDLING

The COMZ has been designed to accommodate data or facsimile by detecting
such signals and providing a dedicated connection. When a trunk becomes
dedicated to a data call, it's removed from the pool of facilities available
for TASI operation. COM2's traffic management algorithm notes this removal
and may reauce incoming channels by busying-out the necessary number to assure
against voice overload. The exact number busied-out at any instant depends on
the amount of other traffic present.

Full duplex data is recognized by sensing energy in the range 2010-2240 Hz
above a threshold of -30 dBm0 and the absense of energy outside this band.
(Note: Full duplex medems utilize tones in the 2010-2240 Hz range as
protocols for initial call set-up.) For half-duplex operation, when no
2010-2240 Hz tone is necessarily generated, the COMZ compares energy above and
below 1100 Hz. If energy above is sufficiently high and energy below
sufficiently Tow, the system labels the call data. The resulting dedicated
connection remains as long as there is constant energy in either direction of
transmission. The system controller checks each data channel every seven
seconds to determine if the data call is still in progress. When on two
consecutive samples it finds no data present, it releases the facility to the
voice pool and restores the variable delay capability.

5. DIAGNOSTIC AND MANAGEMENT REPGRTING

The COM2 provides diagnostics which not only monitor system performance
but line (trunk) performance as well. Line condition is routinely monitored,
and lines found to have excessive noise levels (greater than 53 dBrn at OTPL)
or loss are automatically removed from service with no interruption of ongoing
calls. Thne controller periodically checks faulty trunk lines that have been
removed from service and automatically restores them to full service when the
source of the fault has peen removed. The controller also runs diagnostic
checks on COMZ circuits, removing those tound faulty and restoring those from
which the faults have been removed.
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An EIA RS-232C 300 Baud terminal interface is provided for customer-owned
hook-up to allow diagnostic reports to ve displayed on & terminal. A
field-engineering (FE) panel is also provided within the COMZ ror in-depth
trouble-shooting by the FE.

The management reporting system provides user with detailec information,
in Tog form, on system usage including trunk utilization and call
characteristics. The RS-232C terminal interface provided by CUMZ allows these
reports to be displayed on a terminal. Reports are available automatically on
a periodic basis, or per terminal-input keyed request. A list ot availadble
reports with a summary description is given below:

1. Traffic By Hour, A1l Channels.

The data in this report sums and averages traffic over all channels,
combined for both directions, and is provided automatically every 24 hours.
Data is updated each hour, and is stored for the most recent 24-hour period.
Average CCS and data call statistics are provided.

2, Traffic By Channels.

The data in this report is summed, averaged and reporteu automatically
every 24-hour period. For each channel, near-end and far-end originations and
average holding times are given.

3. Private Line Status.

) This report gives the most recent AGC and noise data for each private
line, separated for each direction of transmission. Data is provided
automatically every 24 hours.

4. Busy Hour Analysis.

This automatic report shows traffic volume during the busiest hour of
the last 24 hours. Data in the form of CCS is given for total channels and
also for individual channels. Near-end and far-end originations and blocking
percentage are also given.

5. Request System Status.

Upon keyed request, this report provides system status including alarm
indications (if any), current configurations, and identification of failed
channels or facilities, indication of overload condition, and amount of data
calls on the COM2.

6. Alarms.

Within one minute of the occurrence of a panel alarm, this report
indicates type of failure and identifies the failed channel or facility.

7. Automatic Hourly Dump.

Once enabled by terminal input, this report provides basic traffic

data and system performance which can be used to evaluate system performance.
(Table A-1 provides a detailed description of this report).
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TABLE A-I. AUTOMATIC HOURLY DUMP REPORT
OVD CHAN - Overload Channels
Total number of channels that were blocked for all overload events.
OVD SECS - Overload Seconds
Total time in channels seconds, that channels were blocked in all
overioad events. (Channel seconds = seconds in overload x number
of channels in overload.)
OVD EVNT - Overload Events
Total number of times overload conditions occurred.
TOT CCS - Total Hundred Call Seconds
Total time of seizures for all channels (in hundreds of seconds).

SPCH CCS - Speech Hundred Call Seconds

Total time of actual speech processed by all channels {in hundreds of
seconds).

BUFF CCS - Buffer Hundred Call Seconds
Total time of buffer usage by all channels (in hundreds of seconds).

BUFF FAIL - Buffer Request Failures
Total number of times a channel, with speech, could not acquire a
buffer because of facilities were currently active and all eight (8)
buffers were already in use.

BUFF LOSS - Buffer Loss
The total amount of speech lost, in seconds, that all channels had,
while waiting to acquire a buffer after incurring a buffer request
failure.

SEG LOSS - Segment Loss
Total amount of speech lost, in seconds, that all channels, after
acquiring a buffer, (1) had while waiting to obtain 32 msec segments,
because all segments were in use and (2) had as a result of segment
loss due to COM2 speed-up algorithm.

NEA ORIG - Near End QOriginations
Total number of near end originiations.

FAR ORIG - Far End Originations

Total number of far end originat:on-.

A-7

TORT O




Chca o

APPENDIX B.

General

Minimum size system:
Maximum size system:

Private line compatibility:

Data handling:

Transmission Characteristics

Impedances:

Levels:

Envelope delay distortion:

Non-linear distortion:
Noise: C-Msg:

Frequency characteristics:
Reduction in out-of-band hum
and low frequency noise:

AGC action:

Tone used for circuit
system testing:

Tones used for control and
maintenance functions:

COM2 INTERFACE SPECIFICATION

(9) channels on (5) facilities
(31) channels on (16) facilities

Four-wire private line, Bell series
2000, 3000, or equivalent

Detects data and gives it a dedicated
facility

Inputs: 600 ohms nominal, balanced to
ground

Qutputs: 600 ohms nominal, balanced to
ground

A1l inputs and outputs: Selectable
OTLP, -16TLP or 7 TLP

Less than 200 usec from 500 Hz to
2500 Hz

45 dB below nominal signal

Less than 29 dBrnCO

+1.5 dB from 300 Hz to 3000 Hz
refative to 1004 Hz

10 dB average

Will correct for +4 to -8 dB long-term
variation in telco facilities relative
to 1004 Hz

1032 Hz: 500 Hz

and 2437 Hz used for installation
alignment (generated by COM2)

3 tones selected from twelve in the
frequency range 700-2400 Hz
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Signaling Characteristics

£ & M Signaling Tolerances Allowaple (battery and ground):

Source voltage:
Source resistance:

Maximum signal cable
resistance:

Maximum ground potential
difference:

Dial pulse percentage make-
break required for detection:

Dial pulse rate upon
regeneration:

Uial pulse percentage make-
break upon regeneration:

Ringer equivalence number (FFC):

-48 Vv + 10%

Up to 100 onms

200 ohms

A

58-62% break, 8-11 pps

10 + 0.01 pps

59 to 62% break
0.48

COM2 Will Tolerate The Following Impairments:

Weighted noise on private line
before removal from service:

Equal-Tlevel cross talk:

Telco carrier frequency drift:

Attenuation distortion:

Long term gain variation:
Connectors

Telco interface:

53 dBrn at OTLP; 3 kHz flat

60 dB (Customer acceptance criterion;
not COMZ2 1limit)

+ 5 Hz

+4 dB to -8 dB in the band 500-~2437 Hz
referenced to 1004 Hz

+4 dB to -8 dB

50 pin ribbon jack, Amphenol 57 series
or USOC RJ23X terminating on Type 66
punchdown blocks, aor USOC RJ21X




Test Jacks (channel and
facility boards):

Data terminal connector:

AC power:

Environmental

COM2 will tolerate:

Temperature:

Relative humidty:

Vibration:

Shock:
Heat dissipation:
Cooling:

Size:

Weight:

Service clearance
front and rear:

e VY e A T P -7 W i P P 1= i =t P 1 TV B Y
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Bridging test points T, R, T1, Rl

Will accept Standard Telco-type 310
Jacks or standard 3 lead phone jacks
on each channel and facility card

(break Xmsn ckt. for COM2 isolation)

1 Qutward voice transmit pair

2 Outward signalling transmit pair
3 Inward signaling receive pair

4 Inward voice receiver pair

Standard 25-pin RS 232C (300 B8PS
ASYN ASCII)

Standard 115 VAC ground plug (400
watts max)

115 VAC convenience outlet for FE on
lower front panel

32 degrees F. to 104 degrees F.
ambient (650 - 750 recommended)

10-90% non-condensing

5 Hz - 26 Hz, 1 mm peak-to-peak
27 Hz - 30 Hz, 1 g

5 g 15 msec +1
1365 Btu/hour
Convection - no moving parts

28.3" W x 22.5" D x 74" H (72 cm W x
57.2 cm D x 188 cm H)

Under 375 pounds (168 kg)

Width of machine, 3 feet in depth

B-3
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Reliability
Alarm conditions:

; Major - Common control circuitry failure or a nuitiple failure of a
channel, facility or private line,

Minor - Single channel, facility or private line failure

Near-end or far-end - Location of hardware failure

3 Interface - Indicates private line removed from service for degradation or
x PBX channel removed from service after detection of PBX trouble tone
f ‘ Traffic - Indicates that system capacity has been reached and any new

caliers will receive busy tone. Tnis indicator is not an alarm as such and
can be expected to activate during normal operation with the fluctuating
traffic load.

Loop around tests: Channel - Tests channel board circuitry

Facility - Tests facility board
circuitry

Private line - Tests private line
integrity

Power Supply

AC input: 117.6 VAC, +10%-15%
60 Hz + 3 Hz, 4 amps (up to 14 amps
momentarily upon power up)

Memory supply bus: Stays in regulation 250 msec after AC
power interruption
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Uepartment of the Navy, ATTN: O0PY41C, Washington, LC 20350

Director of Command, Control, and Communications (XOKCK),
Department of the Air Force, Washington, UC 20330

Commander, U.S. Army Communications Command (CC-UPS-SP}, (CC-OPS-TS),
Ft. Huachuca, AZ 85613

Commander, Naval Telecommunications Command {Code 113),
4401 Massachusetts Ave., N.W., Washington, DC 20390

Commander, 7th Signal Command, ATTN: CCu-PO-0B, Ft. Richie, MU 21719
Commander, European Communications Area (AFCS), ATTN: LGM, APO NY 09633
Commander, Uefense Commercial Communications Office (D540), Scott AFB, IL 62225

Chief, Defense Communications Agency A&E Uivision (N230), Stop 850A,
Scott AFB, IL 62225

Commander, KRome Air Development Center, ATTN: UCLD, Griffis AFB, NY 13442
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Commander, AFCC, ATTN: 1842 EEG, UONV, DOBS, LGMS, EPPB, Scott AFB, IL 62225
NSA, ATTN: Code R153, FT. Meade, MD 20755

USACEE]A, ATTN: CCC-CED-XEM, FT. Huachuca, AZ 85613

Commander, ESD, ATTN: ODCF-1, Hanscom Field, MA 01730

S/C Communications Corporation, 10750 Columbia Pike, Suite 302,
Silver Spring, MD 20901 ATTN: Richard A. Slifer

AT&T, 2000 L Street, N. W., Washington, DC 20036, ATTN: Mr. W. Schwarz

East Coast Telecommunications Center, Ft. Detrick, MD, ATTN: Frank Sofinowski

1945 C6, APU NY 05097
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